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Abstract— Eccentrically Braced Frame (EBF) is an excellent steel frame system for resisting earthquake forces. This frame shows
good performance in terms of stiffness and has excellent ductility. When it is subject to a severe seismic event, the links undergo
inelastic deformations and become the primary source of energy dissipation. However, the performance of EBF is strongly influenced
by the length of the links that are an essential part of the EBF system. Links should be limited not be too short or too long because it
relates to the stiffness and ductility of the frame. The study of EBF on the 80-90s also limits the ratio both of e/L not exceed 0.5 and
the diagonal brace angle between 40°- 60°. This research will review the influence of the length of the links varied from the e/L ratio
of 0.005 to 0.38. This variation will divide the links into three types of yielding, i.e., the short link, intermediate link with shear
dominance, and intermediate link with bending dominance. In this study, the behavior of various link lengths on Eccentrically Braced
Frame will be evaluated using finite element analysis using MSC Patran and Nastran. The structure is modeled as a one-dimensional
D-Braced EBF type that is given static monotonic load with displacement control. The results obtained in the form of load-
displacement curves which will be analyzed in strength and ductility. In addition, an ultimate load normalization curve will be
generated to obtain the load pattern for the various link length. The curve shows that the ultimate load on the EBF will decrease if
there is an increase in link length. The significant decrease occurs when e/L > 0.2.
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The characteristics of EBF systems are to have at least
[. INTRODUCTION one diagonal brace connected eccentrically from column to
Sthe beam, as well as link elements that are part of the beam

The structure is expected to be strong in accepting load . ;
P g piing that connected eccentrically to the brace (Fig 1.).

and not collapse when receiving a large rare load like winds
and earthquakes. The Moment Resisting Frame (MRF) is a
type of frame that is commonly used in steel construction. It |‘_e_’|
has good ductility but the stiffness tends to be small. L > ik
Concentrically Braced Frame is a type of braced frame with
a high stiffness but less ductile. Eccentrically Braced Frame
(EBF) is a structural steel frame system that has good < diagonal
ductility and high stiffness in receiving lateral forces, [1], brace
[2], [3]- EBF has a combination of MRF and CBF properties
that meet the criteria of the structure in terms of strength,
stiffness, and ability to absorb dissipation energy [4].

The innovative frame "eccentric system" was first Fig. 1. Eccentrically Braced Frame
introduced by Fujimoto et al. (1972) and Tanabashi et al. .
(1974) in Japan. Then in 1978, Popov et al. at the University "€ €ccentricity between brace and beam serves to
of California conducted an experimental test on this Prevent buckling in the brace system during extreme loads.
eccentric frame system. This system is named eccentric'S @ result, a better dissipation energy curve will be gain

because it is intentionally designed eccentricity on the han @ portal with bracing, which is concentrically
system, usually in a beam segment. Furthermore variousco_nneCted' With the brace connected to columns and beams,

axial loads are distributed through the brace into shear forces
in columns and bending moments on the beam. The column,
beam and brace elements must design as a strong element,

reviews and studies on the EBF system are still being
developed until now [5].
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while the link element is the weakest element of the the use of short links on the EBF because it has the most
structure. The link serves as a passive control to preventignificant capacity for inelastic deformation [13], [14].
buckling on brace [6]. When it is subject to a severe seismicAnother substantial difference between a short link and long
event, the links undergo inelastic deformations and becomdinks are longer links giving more open areas in architectural
the primary source of energy dissipation [7]. [14].

The ability of the EBF system to receive seismic loads The behavior of links with e > 1.6 W/ is a combination
can also be seen from the hysteresis curve, which shows howf shear yielding on the web and flexure yielding on the
the frame rigidity increases with no pinch due to diagonal upper flange of both ends of the link. The slenderness ratio is
bracing is designed as a strong element and does not buckla factor affecting the strength degradation in the long link.

[8]- Nevertheless, several studies have been conducted to

However, this phenomenon is strongly influenced by the improve the performance of long links with the addition of
length of the link (e) used on the frame [9]. Since the EBF stiffener at the cross-section of the web of the link that
system is a combination of Moment Resisting Frame (MRF) provides a tendency to change the behavior of the link from
and Concentrically Braced Frame (CBF) systems, the linkyielding is dominant by bending to yield in shear [11].
performs as the MRFs system and if e = L then the frame
will act like CBFs system if e = 0 [1]. With proper selection
of link lengths, then bracing will be effective in increasing
the stiffness value as well as being able to receive large M
inelastic deformations.

Based on the scheme of the effect of the e/L ratio, link
performance would be excellent if using an e/L ratio < 0.5

and bracing angle should be kept less than ¢8]. The v
distribution of internal forces (Fig. 2) on link elements
affects the failure behavior of links [10]. If analyzed using
e

Simple Plastic Analysis (SPA) approach, it can be seen that
the relationship between the length of the link and the
moment and shear value distribution if e < 2K} then the
link will perform pure shear (V=y, M< M) and if e
002Mp/V, then the link will be bending (V<V, M=M,).
That means by using the ratio of e / L < 0.5, the link can act
as shear, bending, or both.
The classification of links based on the various length are

[11]:
a. Shortlink, e < 1.6 MV,

Yielding is dominated by shear.
b. Intermediate link (shear dominance) , 1.g/W} < e <

2.6 MyV,)

Yielding is a combination of shear and bending
c. Intermediate link (bending dominance) 2.6/W}, < e <

5 Mp/Vp,

Yielding is a combination of shear and bending
d. Longlinke>5M/\V,

Yielding is dominated by bending.

The shear and bending limit of the link element is
determined by the following equation [12]:
M,=FR.Z 1)
Vp = 0.6 .A, 2

where, M

M, = fully plastic moment of the section , S

V, = fully plastic shear capacity Fig. 2. Internal forces distribution in EBF (adopted from Bruneau, Uang, &
P Sabelli, 2011)

F, = yield strength

Z = plastic modulus An analysis of 23 link length variations has been carried

A, = web area out to get a better understanding of the effect of the link

length on EBF behavior. The length of the link analyzed is
Ghobarah (1991) began to examine the effect of link limited by the value of the e ratio of 0.039 W to 3.11 M
length on EBF performance. The results show that the/V,. The result will be used to analyze the effect of the link
strength, stiffness, and energy absorption capabilities oflength (e) to strength, displacement, ductility, and type of
short links are considerably reduced compared to longeryield on EBF.
links [16]. There have been many studied that recommend

305



Il. MATERIAL AND METHOD

A. Model Structure

A one-story frame with a beam length of L = 6000 mm
and a column height of H = 3500 mm was used as a model in
this study. The dimension of the cross-section of the beams
and columns used in WF 400.200.8.13 and the brace is
200.100.5.5.8. Link is a model as a D-Braced EBF type with
the variation of link length. Web stiffener is not modeled in

TABLE lll
VARIATION OF INTERMEDIATE LINK LENGTH

(2.6 MPIVP<E€<5MP/VP)

this study.

DR

5

—

|
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Y

Fig. 3. Structure model- a D-Braced Eccentrically Braced Frame

Thereare 23 link length variations (Table | — 1ll) with the

ratio of e = 0.039 MV,to e = 3.11 MV,.

TABLE |
VARIATION OF SHORT LINK LENGTH
I,\?c" Link (I;r;g)t h(e) e ratio 0
1 29 0.039 59.6
2 132.5 0.178 59.7
3 236 0.318 58.7
4 339.5 0.457 58.3
5 443 0.597 57.8
6 546 0.735 57.3
7 650.1 0.876 56.9
8 753.6 1.015 56.3
9 857.2 1.155 55.§
10 960.8 1.294 55.7
11 1064.3 1.434 54.7
12 1167.9 1.573 54.1
TABLE Il

VARIATION OF INTERMEDIATE LINK LENGTH

(1.6MP/VP <e<2.6MP/VP)

Ililj(ﬂ Link (Ir?]?%th ©) e ratio 0

13 1271.6 1.713 53.%
14 1375.2 1.852 52.9
15 1478.2 1.991 52.
16 1582.5 2.132 51.¢
17 1686.2 2.271 50.9
18 1789.9 2411 50.
19 1893.7 2.551 49.¢
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I,\IID(') Link (lri?%th €) e ratio 0

20 1997.4 2.690 48.
21 2101.2 2.830 48.1
22 2205 2.970 47.3
23 2308.8 3.110 46.%

B. Model of Material

Using BJ 37 steel with 240 MPa vyield strength, 370 MPa
ultimate strength, @.0° MPa modulus elasticity, @L.0"
MPa shear modulus, and 0.3 Poisson ratio.

C. Model Finite Element

The structure model will analyze using finite element
software MSC Patran and Nastran student version. The
element used is a shell element of a structured element
modeled as a finite element of a QUAD4 plate with meshing
elements, as shown in Fig. 3. In the beam-column
connection and diagonal brace - the beam element is
connected by the node. Connection type not modeled in this
study.

D. Load

Static monotonic loads are provided with displacement
controls at the beam-columns connection (Fig.3). The load is
given in the lateral direction and allowed to move in the
transverse direction. A Static monotonic load is a non-linear
static analysis where the effect of an earthquake on a
structure is modeled as static loads at the center of mass of
the story. The type of static monotonic load used in this
analysis is displacement control which is given
incrementally by increased the displacement until the
structure reaches the ultimate load.

I1l. RESULT AND DISCUSSION

Numerical analysis is performed on three yielding criteria
on link:
a. Shortlink , e < 1.6 Mp/Vp (model no. 1-12),
b. Intermediate link, 1.6 Mp/Vp < e < 2.6 Mp/Vp
(model no. 13-19),
c. Intermediate link, 2.6 Mp/Vp < e < 5 Mp/Vp
(model no. 20- 23).

i#zssszzssssssszsss: o

Fig. 4. Model Finite Element



A. Load — displacement relationship link lengths 0.8 MV, <e <1.6 M/V, The maximum

the load-displacement relationship on a variety of link Mp/Vp, and the minimum ductility value is 5,562 for the
lengths are: short link length 0.8 MV, <e <1.6 M/V, with the average

) ) ductility value is 6,514.
1) Short link ,e < 1.6 Mp/VpLoad vs. the displacement

curve patterns, as shown in Figure 5, can be analyzed as two 2) Intermediate link, 1.6 Mp/Vp < e < 2.6 Mp/Vphe
groups of short links. If the length of the short link is less 10ad vs. displacement curve for the intermediate link 1.6
than 0.8 M)V, (Model 1 -6), then the yield displacement Mp/Vp <€ < 2.6 Mp/Vp indicates that if the link length
value tends to be 9,992 mm - 9,995 mm (Table V). If the <1.9 M/V, (Model 13-14) then it behaves like a short link.

short link length is 0.8 MV, < e < 1.6 M/V, (Model 7 — The yield displacements value for model no. 13 and 14
12), the yield displacement occurs at 11.511 mm - 13.029ar¢ 13,025 mm, and 13,021 mm, with the ultimate

mm. displacements, are 86,75 mm and 65,393 mm. For 1.9
Mp/Vp <e <2.6 Mp/Vp (Model 15-19), the average yield

1000 displacement is 13 mm and the ultimate displacements are

900
800

= — 25,407 - 47,159 mm. The ductility values obtained in models
no. 13 and 14 are still at the interval of ductility values in the
700 short link. Subsequently, if the link length is at 1.9 Mp/Vp <

€00 e < 2.6 Mp/Vp, the ductility value will decrease with the

§ s00 maximum and minimum ductility values being 3,625 and
& 1,954,
400
300 e=29mm —@ = 132,5 mm —© = 236 MM
e— € = 339,5 mm e=443 mm — € = 546,5 mm 1000
200
| e=650,1 mm e=753,6 mm — e = 857,2 mm 900
100 |l
— ¢ = 960,8 mm e=1064,3 mm e=1167,9 mm 800
0
0 20 40 60 80 100 120 140 160 700
Displacement (mm) 600 \
=
Fig. 5. Load — displacement relationship for shear link f 500
. 400
By using a link length of 0.8 PV, < e < 1.6 M}V, yield 200
displacement is increased by 15% - 33%. Conversely, the e=1271,6 mm e=1375,2mm e=14789 mm
. . 200 |/
ultimate displacement value tends to decrease. When the | =15825mm o= 1686,2 mm e=1789,9 mm
short link length is < 0.8 MV, the ultimate displacement 100 ¢=1893,7 mm
range is between 55,589 mm - 74,618 mm and if using a 0
short link with 0.8 MV, < e <1.6 M/V,, the ultimate ooz y 1°)° o Mo e
. . Isplacement (mm
displacement value is between 75,427 mm - 84,746 mm. ?
TABLE IV Fig. 6. Numerical failure mode for short link intermediate link (1.6
SHORT LINK ANALYSIS RESULTS Mp/Vp < e <2.6 Mp/Vp)
e P 0 o -
No. ’ Y ! Ductility TABLE V
(mm) (KN) (mm) (mm) INTERMEDIATE LINK (1.6MP/VP <e<2.6MP/VP) ANALYSIS RESULTS
1 29 929.206 9.992 72.492 7.255 5 5 5 5
No. Y u Ductility
2 132,5 | 921.135 9.994 55.589 5.562 (mm) (KN) (mm) (mm)
3 236 924578 9.992 72707 7976 13 | 1271,6| 908.518 13.025  86.750 6.66(
4 | 3395 | 926281 9.993 _pey = 267 14 | 13752 | 895.085 13.021  65.393 5.021
g
5 443 931557 9.992 63.20° 6.326 15 | 1478,9| 878.384 13.01 47.1599 3.625
[ 16 | 15825| 863.141] 13.006  38.716 2.971
6 | 5465 | 917.613 9.995 66.39 6.643
17 | 1686,2| 833.406 13.00 25.767 1.981
7 650,1 | 913.159| 11511  75.42y 6.553
18 | 1789,9| 807.702] 13.005  26.094 2.006
8 | 7536 | 917.505| 12.904  77.194 5.982
19 | 1893,7| 780.173] 13.004  25.407 1.954
9 | 8572 | 918.665| 12.957  82.875 6.396
10 | 9608 | 914.436| 13001 8102  6.232 3) Intermediate link, 2.6 Mp/Vp < e <5 Mp/Vpigure
11 | 10003] 911411 1307 —-_ 5 954 7 shows the load vs. displacement curve for the intermediate
’ : : : . link model (bending dominance). The longer the link, the
12 | 1167,9] 909.836] 13.029 84.74p 6.504 value of the ultimate load and vyield displacement will

decrease. The highest ultimate load value obtained at e =
Ductility values were obtained at 5,562 - 7,467 for short 1997.44 mm (model no. 20) is 761.053 KN (Table VI). In
link lengths less than 0.8 Ji¥/, and 5,982 - 6,553 for short  contrast, the ultimate displacement value tends to increase if
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the link length increases. The maximum ductility value in

the intermediate link (bending dominance) is 2.418. 1,05 : : ,
y =-0,1028x +0,9998 | Y=L267x+ 12474y = -1,1862x ¢ 1,2111
1 == =
800 - '\\ ! !
N i i
0,95 N 1 3
700 R i N 1 1
2 0 [ N 1 [
600 = =S t NG termediate lihk
2l ¢ N\ (Bending domihance)
20,85 t { i
— 500 % . Intermediate link X
Z & Short link ' . '
< ' (shear dominance) ' '
< 400 0,8
g [ — shear ! ! !
300 ‘ 0,75 shealtdomina‘nce : : :
| e pending dominance \ . .
200 0,7 i i i
0 0,2 0,4
100 e/l
— @ = 2101,2 mm e=2205mm e =2308,8 mm
0
0 20 40 60 80 100 120 140 160 Fig. 9. Ultimate load normalization curve.

Displacement (mm)

Fig 7. Load — displacement relationship for intermediate link (2.6 Mp/Vp B. Type of Yielding

<e <5Mp/Vp) In addition to the comparison of load vs. displacement,
various lengths of the link also show changes in the plastic

TABLE VI mechanism and the type of yield.

INTERMEDIATE LINK (2.6 MP/VP<e<5MP/VP) ANALYSIS RESULTS

O 4rr.DBALL.db - default_viewport - default_group - Entity
e Pu d ou -
No. (mm) (KN) (m):n) (mm) DUCtIllty Patran 2016 ({Student Edition)
Fringe: SC4:, Al Non—hne % Ot Eoag
20 | 1997,44| 761.053 13.003 28.211 2.17 Deform S04, AT Norird
21 2101,2 | 734.396] 13.002  28.057 2.154
22 2205 720.413| 13.002 31.118 2.393
23 2308,8 | 702.868] 13.004 31.451 2.414
default_Fringe
z Max 2.83+002 @Nd 4307,
o fo Egéﬁ?*ooo%?ilw
1000 e a. e=1325mm (Model 2)
— @ = 339,5 mm
e =443 mm
— @ = 546,5 mm | Shear
e=650,1 mm Link
— e = 753,6 MM
—~ — e = 857,2 MM
E — @ = 960,8 mm
: — e = 1064,3 mm
g e=11679mm _|
-~ e=1271,6 mm
e=1375,2mm
e=1478,9 mm
e ¢ =1582,5 mm Shear
——— e=16862mm dominance
—— e = 1789,9 MM default_Fringe
Max 2.74+002 @Nd 3244
0 “12:’“’“ ﬁY Min 6 36+000 @Nd 833
e= 4 mm X i formation
0 20 40 60 80 100 120 140 160 ————e=21012mm Ee"”'"‘-‘ g%%é%@m 2481
Displacement (mm) :zz:::m o b. e =546 mm (Model 6)
Fig. 8. Load — displacement relationship for various link’s length
Patran 2016 (Student Edijt X 2-Jan-18 00:23552 2.61+002f
i i Fringe: SC4:, A1:Non-line -L A nearStresses, Equivalent Stress, . At Z1 gg%:ggg
From the analysis, we get the comparison of load and Deform S04 A1 Norrini ispagsT T 8700
displacement of each variation, as shown in Fig.8. The curve ig;ggg
shows that the addition of link length affects the ultimate e
load. Increasing link length will decrease the ultimate load o0l
I 3.83+001
value. _ / 1984600
In order to see the ratio of the load value to the length of S
the link, it is normalized with the load when e = 29 mm (e = [ Ao
0.005 L). The normalization of link length and ultimate load M §6:002 @Nd 738

is shown in Fig.9. The curve clearly shows that the length of ¢. €=650,1mm (Model7)

the link affects the ultimate load value in the EBF system.
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Max 2.46+002 @Nd 74
r v Min 5.89+000 @Nd 565
<X
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Fig. 11 . The numerical failure mode for the intermediate link (shear dominant).
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Fig. 12 . Numerical failure mode for the intermediate link (bending dominant)

On links with e <0.8 MV, (Figure 10 a-b), there is an the link length is 2 MV, < e < 2.6 M/V, in Figure. 11 c-f
indication of yielding occurs in the link's web and the yields occur in the panel zone, part of the link's web and
connection area of column connection and a diagonalflange, the area around the connection of beam-diagonal
stiffener. This issued by the position of the diagonal stiffener stiffener. Yielding that occurs at the flange of the link shows
is relatively concentric or close to the beam-column bending failure but is still dominated by shear in the web
connection. (shear dominance).

For link length 0.8 MV, < e <1.6 M/V,, (Fig. 10 c-d), Figure 12. a-c shows that link failure is dominated by
yielding occurs on the web and panel zone located next tobending indicated by yielding that occurs in the upper and
the link. The panel zone yield first because there is no weblower flange of the link, and only a small part of the web is
stiffener on the web. The stress concentration transfer fromyield (bending dominance).
the panel zone to the link. It proves that the web stiffener is a
determining factor to ensure yield occurs on the link.

On intermediate links 1.6 W, < e < 2.6 M/V,, when e
< 1.9 MV, the link behavior is still like a short link
because based on the SPA approach if e </¥ Mthe link
behaves shear. The short link limit value e < 1 #Wis the
critical link length limit value (g;) recommended by Malley
and Popov (1984) and Kasai and Popov (1986a, b) [17]. If

IV. CONCLUSIONS

The ultimate load on the EBF will decrease if there is an
increase in link length. The significant decrease in the
ultimate load occurs on the link with dominant
shear/bending. The ultimate displacement of the EBF will
decrease if there is an increase in link length. The significant
decrease in ultimate displacement value occurs in the link

309



E. P. Popov and M. D. Engelhardt, "Seismic Eccentrically Braced
Frames," Construct. Steel Research, 0143/974X/88, 321-354, 1988.
[9] J. Bouwkamp, M. G. Vetr and A. Ghamari, "An analytical model for
the inelastic cyclic response of eccentrically braced frame with

with a shear dominant. The ductility of the EBF will [8]
decrease if there is an increase in link length. The significant
decrease in ultimate displacement value occurs in the link

with a shear dominant. Various lengths of the link have
changes in the plastic mechanism and the type of yield.
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